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RESUMEN
Se determinan las frecuencias y tendencias de situaciones de acción bloqueante (Bs, por sus siglas en inglés) 
en el sur de Sudamérica durante el periodo 1960-2011, calculadas en 100 (B100), 70 (B70) y 40º (B40) de 
longitud oeste. Se estudia además el efecto que estas situaciones ejercen sobre la temperatura y la precipita-
ción. La distribución de la frecuencia de B100, B70 y B40 presenta un máximo en primavera y un mínimo 
en verano; las tendencias son positivas en verano y otoño y negativas en invierno y primavera. A excepción 
del verano, las precipitaciones son mayores a las normales cuando los Bs se producen en ambas longitudes. 
Al norte de aproximadamente 38º S, B70 determina anomalías de temperatura (6T) negativas sobre todo el 
país durante las cuatro estaciones del año y B40 lo hace en primavera y verano. Al sur de aproximadamente 
38º S, B100 produce 6T negativas. Las frecuencias y cantidades de precipitación son mayores en primavera. 
En otoño (verano) la zona afectada por mayores precipitaciones se reduce a la zona superior norte (inferior 
sur). De acuerdo con los signos de las tendencias de Bs y de los valores asociados de temperatura y preci-
pitación, se puede inferir que estas situaciones podrían haber contribuido a la variación de ambas variables 
durante el periodo 1960-2011
ABSTRACT
In southern South America and for the period 1960-2011, frequencies and trends of seasonal blocking situ-
ations (Bs) determined at 100, 70 and 40º W (B100, B70 and B40), respectively are estimated. The effect of 
such situations on temperature and precipitation is also analyzed. The distribution of occurrences of B100, 
B70 and B40 peaks in spring and has minimum values in summer; trends are positive in summer and fall 
and negative in winter and spring. To the north of approximately 38º S, B70 determines negative temperature 
anomalies (6T) over the entire country during the four seasons and B40 in spring and summer. Except for 
summer, rainfall is greater than normal when Bs occur at both longitudes. To the south of approximately 38º 
S, B100 give place to negative 6T. The frequencies and amounts of precipitation are greater in spring. This 
area is limited to the northernmost northern (southernmost southern) area in fall (summer). According to the 
signs of the trends of the Bs and to the associated values of temperature and precipitation, the way in which 
they may have contributed to the change in both variables during 1960-2011 is inferred.
Keywords: Indices, circulation change, temperature, precipitation.
1. Introduction
A blocking pattern exists when systems do not 
progress within the latitude belt of the baroclinic 
westerlies. The zonal movement of short waves is 
effectively halted, as the zonal current vanishes, and 
hence vorticity advection, the major mechanism by 
which upper level systems move, becomes negli-
gible. Blocking situations pose a major threat for 
many people, especially those living near upper-level 
cyclones or near upper-level anticyclone, since the 
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SHUVLVWHQWFLUFXODWLRQDURXQGWKHVHV\VWHPVLQÀXHQFH
cloudiness, precipitation and temperature.
Blocking situations in the southern hemisphere 
6+ZHUH VWDWLVWLFDOO\ VWXGLHG ¿UVW E\ YDQ/RRQ
(1956) and Taljaard (1972). Subsequently, during 
the 1980s several authors such as Trenberth and 
Swanson (1983), Trenberth and Mo (1985), and 
Trenberth (1986), among others, shed light on the 
statistical and dynamical knowledge of blocking 
events occurrence. Noar (1983) applied a numerical 
forecast to analyze the start and end of a blocking 
event in Australia during winter 1983 that produced 
a severe drought and economic damages. Mo (1983) 
studied the relationship between blocking events 
and Rossby long waves as well as their amplitudes 
in the SH.
Some authors, like Mo (1983) and Trenberth 
(1986) found that the duration of blocking events 
or large anomalies are less persistent and of lower 
amplitude in the SH than in the NH. Trenberth at-
tributed this to the presence of the generally stronger 
westerlies throughout the troposphere at middle to 
high latitudes of the SH. 
Though Tibaldi et al. (1994) found that the num-
ber of blockings near 70º W is low, other authors point 
out that the SW of South America is a region with an 
important presence of these systems. Moreover, in 
this work 70º W was selected because the blocking 
situations at that latitude are the best correlated with 
temperature and precipitation over Argentina in an 
extended territory, as shown by Alessandro (2003 b).
Results from Trenberth and Mo (1985) showed 
that a blocking frequency maximum is found in the 
45-60º S band over southeastern New Zealand fol-
lowed by a second frequency peak in the southeast 
of South America and a minor peak over the Indian 
Ocean. Some years later, Sinclair (1996) and Mo and 
Higgins (1997), FRQ¿UPHGWKHVDPHPD[LPDIRXQG
DQGREWDLQHGDQHZDUHDLQWKHVRXWKHUQ3DFL¿FZHVW
of South America. Most studies mentioned, found 
that persistent anomalies are located southeast of New 
Zealand. This is a region where the climatological 
split in the jets favors the formation of blocks (Kiladis 
and Mo, 1998).
Some authors have considered different numbers 
RIFRQVHFXWLYHGD\VWRGH¿QHDEORFNLQJVLWXDWLRQ
Much of the pioneering observational work on 
blocking was done by Rex (1950). For the Northern 
Hemisphere, he considered as a blocking case that 
in which the high-pressure system remains almost 
stationary for at least 10 days. Other authors like Mo 
(1983) considered seven or more consecutive days, 
DQG7UHQEHUWKXVHG¿YHRUPRUHGD\V
Some researchers analyzed the relationship be-
tween blocking events and temperature and precipi-
tation for brief periods. Berbery and Lozano (1991) 
GH¿QHGDEORFNLQJHYHQWDVWKRVHVLWXDWLRQVZKHUHD
positive anomaly larger than 150 hPa at 200 hPa per-
VLVWVDWOHDVWIRU¿YHGD\VLQERWKWKHVRXWKHUQ3DFL¿F
and southern Atlantic oceans. They also related these 
events to minimum temperature and precipitation in 
Argentina from April to June between 1980 and 1986. 
Positive persistent anomalies in the Atlantic were as-
sociated with positive precipitation anomalies to the 
south of 30º S, negative and more irregularly distribut-
ed precipitation anomalies to the north of that latitude, 
positive minimum temperature anomalies in central 
Argentina, and negative minimum temperature anom-
alies over northeastern Argentina. A blocking in the 
3DFL¿FZDVDVVRFLDWHGZLWKQHJDWLYHPLQLPXPWHP-
perature anomalies and positive precipitation anoma-
lies in Patagonia and negative precipitation anomalies 
over central and northern Argentina. The Argentinean 
Patagonia is the region that extends from the Andes 
mountain range to the Atlantic Ocean and from the 
Mendoza state of Malargue (35º 17' S) to the Colorado 
River (approximately 38º 30' S) on the north and to 
the waters that are located to the south of Cape Horn 
in the Drake Passage to the south.
In particular, Marques and Rao (1999) analyzed the 
LQÀXHQFHRQSUHFLSLWDWLRQRIDEORFNLQJHYHQWRFFXUUHG
from 29 July to 14 August 1986 in South America. 
They found that precipitation increased to the north of 
the blocking high but decreased to the south of it. The 
LQFUHPHQWZDVDVVRFLDWHGWRWKHQRUWKZDUGGHÀHFWLRQ
of migratory lows to the north of the blocking area 
whereas the decrease was associated to the subsidence 
effect produced by the blocking high. To the west of 
South America Rutllant and Fuenzalida (1991) studied 
the frequency of blocking events and its relationship 
with the increased precipitation in central Chile.
For the 1979-1995 period, Kayano (1999) found 
that positive pressure anomalies between 130 and 
:LQ WKH6RXWK3DFL¿FZLWKDSHUVLVWHQFHRI
more than seven days, produced negative temperature 
anomalies south of 46º S in Argentina during the 
austral winter and south of 35º S during the austral 
summer.
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Some authors, like Mo (1983) and Trenberth and 
Mo (1985) found that the duration of blocking events 
or the large anomalies are less persistent and of lower 
amplitude in the SH than in the NH. Trenberth at-
tributed this to the presence of the generally stronger 
westerlies throughout the troposphere at middle to 
high latitudes of the SH.
Van Loon (1956), Lejenas and Okland (1983), 
Lejenas (1984), Kidson (1986), Kayano and Kousky 
(1989), among others, in search to simplify the 
interpretation of different atmospheric states used 
indexes to detect blocking events and determined 
thresholds to differentiate each kind of phenomenon. 
Recently Kreienkamp et al. (2010) used a circulation 
index to locate blockings between 40 and 60º N and 
between 30º W and 30º E, which has relevance for 
mid-latitudes.
Some of the indexes most commonly used to 
represent atmospheric states in middle latitudes are 
zonal indexes calculated at 1000 hPa and 500 hPa 
as the difference between two latitudes, one corre-
sponding to lower latitudes and the other to higher 
latitudes. Kayano and Kousky (1989) used, as did 
the Australian Bureau of Meteorology before them, 
indexes composed by the zonal wind component.
For the reasons previously explained, the author 
of this work performed several studies in the southern 
HQGRI6RXWK$PHULFDRYHUERWKWKHVRXWKHUQ3DFL¿F
and southern Atlantic oceans in the period from De-
cember 1989 to December 1998 (Alessandro 2003a, 
2003b, 2005a, 2005b, 2011).
,QWKH¿UVWSDSHU$OHVVDQGURDWKH]RQ-
al index I VHHGH¿QLWLRQLQVHFWLRQ at 500 hPa 
was used, and a blocking action situation (Bs) was 
GH¿QHG LI WKLV LQGH[ UHPDLQHG SRVLWLYH GXULQJ DW
OHDVW ¿YH FRQVHFXWLYH GD\V7KH WHPSRUDO GLVWUL-
bution and intensity of I were analyzed in addi-
tion to the sequences of different days on which 
I > 0. Next, Alessandro (2003b) correlated the I 
indices recorded in 40, 70 and 100º W (I40, I70 
and I100) with the temperature and precipitation 
YDOXHV )RU , WKLV FRUUHODWLRQZDV VLJQL¿FDQW
at the 95% level, and covered all of Argentina 
with the exception of the region south of the 
Argentinean Patagonia; for I40, the correlation was 
VLJQL¿FDQWIRUWKHUHJLRQWKDWZDVQRUWKRI6 
DQGIRU,LWZDVRQO\VLJQL¿FDQWLQ3DWDJRQLD
7KHDXWKRUDQDO\]HGWKHLQÀXHQFHRIWKHSRVLWLYH
I indices on temperature and precipitation without 
considering the season of the year. Precipitation was 
calculated through the relationship between the num-
ber of rainy days when I was positive and the days 
on which I was negative. The greater frequencies of 
days with precipitation were detected in almost all 
of the country when the indexes were calculated at 
70º W; the frequencies were smaller to the north of 
32º S when evaluated with the index at 40º W, and 
they were greater in Patagonia when I was calcu-
lated at 100º W. Regarding temperature, the author 
calculated the mean annual anomalies that were 
produced by all of the blocking situations. Based on 
previous calculations, the probability of obtaining 
temperatures below the mean values at the moment 
that B40 (B70) was produced was 60 to 80% for the 
region north of 32º S (south of 32º S). For B100, 
the probability of obtaining negative anomalies in 
Patagonia varied between 53 and 78%.
For the same period and without discriminating by 
the season of the year, Alessandro (2005a) analyzed 
WKHLQÀXHQFHRIWKHVLPXOWDQHRXVEORFNLQJVLWXDWLRQVLQ
WKHVRXWK3DFL¿FDQGVRXWK$WODQWLFRQERWKYDULDEOHV
%HFDXVH% KDG D JUHDWHU LQÀXHQFH RQ ERWK
variables across the Argentinean territory, Alessandro 
(2005b), in a later study analyzed the differences that 
were caused on temperature and precipitation under 
the same aforementioned conditions when blockings 
occurred to the left or the right of the target longitude.
Zonda is an intense wind characterized by its 
extreme dryness and high temperature, which is ac-
quired when the air descends down the eastern side of 
the Andes mountain slope. It has strong effect on the 
regions located at the foot of the mountain between 
the provinces of Neuquen (40º S) and Jujuy (22º S). 
At latitudes higher than 40º S, where the largest 
number of blockings occur and where the Fohen 
(Zonda) effect is weak given the lower height of the 
Andes, this effect has not been discriminated. Up to 
the present there are no references available of papers 
analyzing the incidence of the Zonda effect on both 
variables in the mentioned latitudes.
This work intends to analyze the seasonal vari-
ability of the frequencies of blocking action situations 
at 100, 70 and 40º W between 1960 and 2011. The 
seasonal distribution of these situations and their 
LQÀXHQFHRQWKHVHDVRQDOYDOXHVRIWHPSHUDWXUHDQG
precipitation will be studied.
Seasonal trends of the blocking situations will be 
analyzed, and through them and the seasonal values 
144 A. P. Alessandro
of precipitation and temperature associated with 
blocking situations, an estimate of the effect that 
these situations could have exerted on both variables 
during the course of this period will be performed.
2. Data and methods
Daily surface temperatures at 12 UTC (taken at the 
meteorological shelter) and daily rainfall data from 43 
weather stations were provided by the National Me-
teorological Service (SMN). Daily 500 and 1000 hPa 
geopotential heights at 12 Z as well as graphical out-
puts of geopotential heights were obtained from the 
reanalyses of the National Center of Environmental 
Prediction (NCEP) over a 2.5 × 2.5º grid. All data 
cover the period 1960- 2011.
The I index used in the present work, and in previ-
ous works of the author, distinguishes blocking action 
situations. I, calculated at three selected longitudes 
DQG:LVGH¿QHGDVIROORZV
I = U(30º S) + U(60º S) – 2U(45º S)
where U is the zonal wind component (m/s) at 12 Z 
for 500 hPa.
,QWKHPHDQ]RQDOZLQG¿HOGLWLVREVHUYHGWKDWWKH
westerlies are most intense near 45ºS (see Annex 1), 
and therefore I < 0. However, it should be noticed that 
45º is not always the middle point, since whenever 
indices are used, approximations are introduced. None-
theless, indices provide very useful information and are 
specially used where meteorological weather stations 
are not available. When the zonal component at 45º 
S is abnormally weak, then I > 0. If during more than 
nine consecutive days I > 0, then a persistent blocking 
action situation is considered to be taking place.
The adopted I index detects a greater number 
of blocking action situations (Bs) than blocking 
VLWXDWLRQV%GH¿QHGIRURWKHUDXWKRUVVLQFHWKH%V
determined by the permanence of a weak ridge, are 
also included in the frequency of B.
First, the temporal distribution of the Bs during 
the selected period must be determined, therefore the 
monthly and seasonal histograms are calculated for 
each of the three longitudes. In each case the persistent 
Bs are then discriminated.
To examine the temporal variation of the I index, 
the linear seasonal trends are obtained for the 46-year 
period studied. Magnitudes are analyzed using the 
Mann-Kendall test (Brooks and Carruthers, 1953) 
DQG WKHVLJQL¿FDQFHRI WKHVORSHRI WKH UHJUHVVLRQ
line is tested at the 95% level.
To test the signs of trends, the seasonal anomalies 
¿HOGVRIJHRSRWHQWLDOKHLJKWVDWK3DRIWKHROGHVW
(1960-1980) and most recent (1991-2011) periods 
are compared.
7RHYDOXDWHWKHLQÀXHQFHRIWKH%VRQWHPSHUDWXUH
and precipitation, the corresponding seasonal geopo-
WHQWLDOKHLJKWDQRPDO\¿HOGVDWDQGK3DDUH
determined, i.e. for each case the geopotential height 
¿HOGVRIWKHGD\VZLWKEORFNLQJHYHQWVLQDVHDVRQ
are averaged and subtracted from the mean seasonal 
JHRSRWHQWLDO¿HOG
For the reasons stated in the introduction, the 
seasonal values of temperature and precipitation 
corresponding to (a) B40 over Argentina north of 
38º S, (b) B100 south of 38º S, and (c) B70 for all of 
Argentina, are determined and displayed.
Temperature is evaluated through its anomalies 
ǻ7FDOFXODWHGZLWKUHVSHFWWRWKHVHD-
VRQDOPHDQ7KHPHDQVHDVRQDOǻ7SURGXFHGIRUWKH
Bs are calculated. To determine whether the seasonal 
PHDQRIWKHVDPSOHFRPSRVHGRIWKHǻ7SURGXFHG
E\EORFNLQJDFWLRQVLWXDWLRQVLVVLJQL¿FDQWO\GLIIHUHQW
IURPWKHVHDVRQDOPHDQFRPSRVHGRIWKHǻ7RIWKH
rest of the series, Student’s t-test is applied to each 
of the meteorological stations.
T = (Xb – Xnb) / S (1/ Nb + 1/Nnb)1/2
where S2 = (Nb Sb2 + Nmb Snb2 / Nb + Nnb)
Xb is the mean of the seasonal temperature anom-
alies of the Bs days, Xnb is the mean of the seasonal 
temperature anomalies of the rest of days in the series, 
Nb and Nnb are the corresponding numbers of cases, 
and Sb and Snb are their variances. This process was 
repeated for each season of the year and for each of 
the selected longitudes.
To analyze the precipitation associated with the Bs, 
two precipitation relations are calculated: R1 and R2, 
where R1 = r1/r2 and R2 = rf1/rf2, where r1 is the ratio 
between the amount of precipitation accumulated in 
the days when the Bs are produced in a given season of 
the year and the number of days with a blocking action 
in that season of the year, and r2 is the relationship 
between the amount of the accumulated precipitation 
in the same season of the year that was selected in r1 
and the total amount of days of that season of the year. 
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In this manner, if R1 > 1, it indicates that the mean 
accumulated precipitation during the Bs is greater 
than the mean accumulated precipitation in the season 
considered. The frequency of rainy days (rf1 and rf2) is 
dealt with in a similar way, and R2 is obtained for each 
season of the year and at each meteorological station.
According to the values obtained from both 
variables during the Bs and considering the signs 
of the linear seasonal trends of the Bs in the 1960-
2011 period, an evaluation of the incidence that 
the blocking actions could have exerted on the 
temperature and the seasonal precipitation of that 
period is performed.
3. Results and discussion
3.1 Distribution of the Bs
Figure 1 shows the frequencies of blocking actions 
ODVWLQJIRU¿YHWRQLQHGD\VJUH\DQGIRUGD\VRU
more (black) as well as the sum of both (squares). The 
month of August shows the greatest frequency of Bs in 
the three longitudes, although it is very similar to Sep-
tember at 100º W and to October at 70º W. The lower 
frequencies are registered in February, January and 
December at 100, 70 and 40º W, respectively (Fig. 1a).
The Bs that are produced at the three longitudes 
are less frequent in summer and are more frequent 
in spring, with a smaller secondary maximum in 
winter (Fig. 1b).
When only the 1989-1998 period is considered 
(Alessandro, 2003a), the frequency distributions at 
the longitudes of 100 and 70º W changes during this 
shorter period show that the highest frequencies are 
produced in winter and a secondary maximum is pro-
duced in spring; nevertheless, the greatest frequency 
of Bs still occurs in both seasons and in both the 
short and long time period. A greater number of Bs 
is always observed at 70º W; this value decreases at 
100º W, and it decreases further at 40º W.
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Fig. 1. Left-panel: monthly frequencies of B100, B70 and B40. Right- panel: seasonal frequencies for B100, B70 
and B40.
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Table I. Linear seasonal trends of I100, I70 and I40. 
100º W 70º W 40º W
Summer y = 0.74x – 17.34 y = 0.43x – 10.10 y = 0.58x – 13.58
Autumn y = 0.05x – 1.41 y = 0.22x – 5.08 y = 0.33x – 7.69
Winter y = –0.64x + 15.10 y = –0.10x + 2.39 y = –0.08x + 1.81
Spring y = –0.14x + 3.39 y = –0.15x + 0.50 y = –0.10x + 2.01
6LJQL¿FDQWWUHQGHTXDWLRQVDWWKHFRQ¿GHQFHOHYHODUHLQEROG
x: time.
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As shown in Figure 1, the number of persistent 
blocking actions is very low with respect to the Bs 
that do not persist. These values are between 15 
and 35% of the latter. The monthly distributions 
show their maximum values in May, September 
and October at 100, 70 and 40º W, respectively. In 
WKHVDPH¿JXUH LWFDQEHVHHQ WKDW WKHSHUVLVWHQW
blocking situations occurred with a greater frequen-
cy at 100º W.
The values of the frequencies of persistent block-
ings vary mostly between 0 and 4 and are higher in 
only a few years.
It is important to point out that at 100º W there has 
always been at least one blocking situation case per 
\HDULQVSULQJ,QVXPPHUWKH¿UVWSHUVLVWHQWFDVHDW
:ZDVUHFRUGHGLQDQGWKH¿UVWSHUVLVWHQW
case at 70º W in 1973. Something similar is observed 
for B70 during autumn; in other words, persisting Bs 
DUHDOPRVWLQH[LVWHQWGXULQJWKH¿UVWGHFDGH
3.2 Trends
Table I shows the equations for the linear trends of the 
,LQGH[6LJQL¿FDQWWUHQGHTXDWLRQVDWOHYHODUH
bolded. It can be seen that the trend is positive during 
summer and autumn, except autumn at 100º W, which 
LVQRWVLJQL¿FDQWDWWKHFRQ¿GHQFHOHYHO$JUHDWHU
VLJQL¿FDQFHLQVXPPHUDWDOOORQJLWXGHVLVVHHQDQGLWLV
found precisely in the season where there is a reduced 
frequency of blocking actions. In addition to the signif-
LFDQWYDOXHVIRUVXPPHUWKHUHLVDVLJQL¿FDQWQHJDWLYH
trend in winter at 100º W and in spring at 70º W.
The trends calculated for the Bs show the same 
VLJQVDQGVLJQL¿FDQFHVIRUWKHWUHQGVRI,)LJXUH
shows the linear distribution of B100, B70 and B40 
LQWKHVHDVRQVZLWKVLJQL¿FDQWWUHQGV,QVXPPHUDQ
increase is observed in the last two decades. Prior to 
the last two decades, Bs were 0.70, 1.1 and 0.60 per 
year, and they varied from those values by 4.05, 2.70 
and 2.45 at 100, 70 and 40º W, respectively. 
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Given the trends discussed above which lead to a 
higher frequency of blockings, the 500 hPa geopoten-
WLDOKHLJKWDQRPDO\¿HOGVIRUWKH¿UVWDQG
last (1992-2011) 20 years are calculated with respect 
to 1960-2011 and shown in Figure 3. For both periods 
only the two seasons of the year that showed the great-
HVWVLJQL¿FDQFHLQWKHWKUHHORQJLWXGHVZHUHFRQVLGHUHG
The latitudes between 30 and 60º S show a negative 
anomaly centered over the south Atlantic during the 
¿UVWSHULRGDLQFRQWUDVWWKHVHFRQGSHULRGSUHVHQWV
positive anomalies over both oceans (b). These anom-
alies with opposite signs could probably be caused by 
the existence of a greater number of blocking actions 
in the last 20 years, according to the signs of the trends.
3.3 InÀuence of Bs on temperature and precipitation
3.3.1 Seasonal anomalies of the geopotential heigths 
¿elds
)LJXUHVVKRZWKHPHDQVHDVRQDODQRPDO\¿HOGV
of geopotential heights at 1000 and 500 hPa, which 
correspond to all of the cases in which the Bs are 
detected at 100, 70 and 40º W, respectively. In all of 
the cases, a positive anomaly can be observed near 
55º S for each of the selected longitudes.
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3.3.2 Temperature
According to the existing correlation between the in-
dices and temperature mentioned in the introduction, 
WKHǻ7¿HOGVUHVXOWHGIURPWKHLQÀXHQFHRIEORFNLQJ
actions that are produced at 40º W just north of 38º 
6DUHUHSUHVHQWHG7KHVHVDPH¿HOGVDUHFDOFXODWHG
throughout Argentina for B70 and only south of 38º 
S of the country for B100.
Over the narrow land corresponding to Patago-
QLDZKLFKH[WHQGVEHWZHHQWKH$WODQWLFDQG3DFL¿F
oceans, the predominant mean winds are from the 
SW. These are strong and intense. They are also 
very cold since they come from higher latitudes. 
This characteristic strengthens with the prevailing 
southern circulation caused by blockings at 100 and 
70º W depending on the position.
7KHǻ7YDOXHVLQ3DWDJRQLDIRU%)LJDUH
predominantly negative, and this is especially true in 
VSULQJDQGDXWXPQ,QWKH¿HOGVWKDWFRUUHVSRQGHGWR
B100 (Fig. 4), according to the resulting anomalies, 
Patagonia is affected at 1000 hPa by a circulation 
from the south, particularly in spring and autumn. 
At 500 hPa (Fig. 4), a great negative anomaly with a 
NW-SE direction is observed, which contributes to the 
LQWHQVL¿FDWLRQRIWKHFLUFXODWLRQIURPWKHVRXWKZHVW
In spring and especially in winter, the temperature 
anomalies associated with B70 (Fig. 8) are the most 
negative. In spring and south of approximately 45º S, 
however, the anomalies are positive. The anomalies 
are also positive at approximately south of 38º S in 
summer and autumn.
$FFRUGLQJWRWKHPHDQ¿HOGVRIWKHJHRSRWHQWLDO
heights corresponding to B70 (Fig. 5), in summer and 
autumn at 1000 hPa, a positive anomaly is observed 
to extend more to the north. On its way from north 
WR VRXWK WKH DLU ÀRZ DGGV D KLJKHU WHPSHUDWXUH
ZKLFK H[SODLQVZK\ WKH FROGÀRZ IURP WKH VRXWK
Atlantic could also reach lower latitudes and inhibit 
WKHQRUWKHUQÀRZDWK3DZKLFKFRXOGPDNHD
temperature increase possible.
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In Patagonia, the anomaly which causes tempera-
ture to decrease in winter presents a SE direction; the 
WHPSHUDWXUHLQFUHDVHVZKHQWKLVÀRZFRPHVIURPWKH
NE or E in autumn, summer and spring. However, 
DFFRUGLQJWRWKHQRQVLJQL¿FDQFHRIWKHFRUUHODWLRQ
in the south of Patagonia previously mentioned in 
WKH ,QWURGXFWLRQ WKH VLJQV RIǻ7ZRXOG EHFRPH
unimportant.
At 500 hPa (Fig. 5), the center of the anomaly 
associated with 1000 hPa is located slightly to the 
west, where it reinforces the circulation from the 
Atlantic. However, at this level, a negative anom-
aly is observed north of 35-40º S, which would 
indicate the greater frequency or predominance 
of trough passages or depression systems that can 
inhibit the development of high temperatures as 
a function of greater cloud cover, especially in 
spring and winter.
Figure 9 shows the anomalies in the four seasons 
for B40. Winter and spring show negative values. The 
winter contains more negative values, especially in the 
NE of the country, while in summer and autumn, the 
signs are positive. Figure 6 shows that at 1000 hPa, 
normal conditions north of 40º S are observed in the 
country. Even at 500 hPa (Fig. 6), a negative anomaly 
is observed in the NE that could be due to a greater 
passage of fronts in that region that were forced by 
the position of B40. This anomaly is more intense and 
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extended to the west in winter and spring; the lesser 
extension of the same anomaly could be the cause for 
the higher temperature in summer and autumn.
At the 95% level, the application of Student’s t-test 
GHWHUPLQHG WKDW WKH UHVXOWDQWǻ7 IURP%SURGXFHG
DW:DUH VLJQL¿FDQWO\GLIIHUHQW IURP WKRVH WKDW 
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correspond to the rest of the days in almost all the 
selected area in winter, spring and summer; this is 
also true for autumn and spring for B100. For B40 
WKLVWHVWGRHVQRWGHWHFWDQ\VLJQL¿FDQWGLIIHUHQFHVDW
this level (see Annex 2). This result differs from the 
short period that was analyzed previously, where in 
PRVWRIWKHVHOHFWHGSRLQWVWKHDQQXDOYDOXHVRI¨7
ZHUHVLJQL¿FDQW
3.3.3 Precipitation
The R1 precipitation relations caused by B100, B70 
and B40 are presented in Figures 10-12. South of 
38º S, the relations that are caused by B100 (Fig. 10) 
show the greatest territorial extension with R1 > 1 
in spring, while in summer this condition is reduced 
WRWKHHDVWFRDVW,QZLQWHUDQGDXWXPQWKHGH¿FLW
values extended to the south of the diagonal, ex-
tending from approximately 41º S, 73º W to 49º S, 
:$FFRUGLQJWRWKHK3D¿HOGVIRU%
)LJWKHSRVLWLYHDQRPDO\LQWKHVRXWK3DFL¿FLV
associated with a lack of precipitation in the south of 
Patagonia (Fig. 10), while precipitation to the north of 
this region is associated with the negative anomalies 
at 500 hPa (Fig. 4) that extend diagonally from NW 
WR6(EHWZHHQWKH3DFL¿FDQGWKH$WODQWLFRFHDQV
except during summer when they are located to the 
east of the country and do not seem to be connected 
WRWKHDQRPDO\LQWKH3DFL¿F
5¿HOGV FRUUHVSRQGLQJ WR% )LJ  DQG
B40 (Fig. 12), with the exception of summer, show 
a relative increase of accumulated precipitation in 
practically all of the selected stations north of 38º S. 
In B70 during winter, values of R1 increase from 10 
up to 140% in the center and north of the country. At 
:IRUWKHVDPHVHDVRQDVLPLODU¿HOGFDQEHVHHQ
but containing smaller values and with a maximum 
increase of 120%.
In summer at both longitudes, the lowest accu-
mulated precipitation values are observed in Buenos 
Aires, and in central and eastern Argentina.
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According to Figure 5, at 1000 hPa there is a 
contribution of moisture from the Atlantic over the 
coastal areas of Argentina in all four seasons of the 
year. In winter and spring, the conditions north of 
35º are normal; in other words, the anticyclone of the 
Atlantic should contribute, according to its position 
(Minetti and Vargas, 1983), with the normal amounts 
of moisture for that time of the year.
However in autumn and especially in summer, when 
WKHLQÀXHQFHRIWKHQHJDWLYHDQRPDO\UHDFKHVIXUWKHU
north and the anticyclone of the Atlantic is further 
VRXWKWKHPRLVWXUHÀRZIURPWKH(RU1(GHFUHDVHV
which causes a decrease in precipitation. At 500 hPa in 
all four seasons, a negative anomaly is observed north 
of 38º S. This anomaly is more intense and extensive in 
winter and spring, and is non-existent in summer in the 
region where the precipitation ratios are less than one.
In the south of the country, the rain is scarce as a 
consequence of the positive anomaly in both levels.
$FFRUGLQJWRWKH%¿HOGVDWK3D)LJ
there is a contribution of moisture over the coast of 
the country. Regarding this moisture contribution, a 
lesser extent during autumn and summer is observed. 
At 500 hPa, a negative anomaly similar to the one 
in B70 can be seen. This anomaly extends slightly 
over the east of Argentina in summer and autumn, 
and is associated with decreased precipitation during 
these seasons.
:LWK UHVSHFW WR WKH5¿HOGV QRW VKRZQYDO-
ues are similar to the R1 values for B70 and B100. 
However, for B produced at 40º W, some differences 
are observed in the north of the country and in its 
surroundings, since few rainstorms are observed but 
a greater amount of precipitation is accumulated.
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3.3.4 Blocking situation that took place between 
June 2 and 10, 2012
A synthesis of the blocking situation that took place be-
tween June 2 and 10, 2012 is presented to characterize 
the consequences of such events. On May 27 at 500 
K3D5DULGJHLVREVHUYHGRYHUWKH3DFL¿F2FHDQDW
160º W between 40-50º S, with its corresponding high 
at 1000 hPa (H0). During the following days, between 
May 28 and 31, both the ridge and high are positioned 
at 140º W, while on June 1 it has moved to 120º W.
2Q0D\ WKH3DFL¿F VXEWURSLFDO+LJK +
VWDUWVVSUHDGLQJVRXWKLQWHQVL¿HVDQGDORZSUHV-
sure system (L0) starts to segregate at 110º W, 45º 
S; located between H1 and H0; both high pressure 
systems associate (H2) affecting an extensive region 
which reaches up to 80º W in the following days, 
and continues to extend to 40º W on June 10. It is 
considered that the blocking situation starts on June 
2 when L0 is completely segregated. It remains 
north of the subpolar belt (approximately north of 
45º6DQGLQWKH3DFL¿F2FHDQXQWLO-XQH2Q
this day it associates with a second low (L1) in 
the south Atlantic (60º S, 40º W) and since H2 has 
UHWUDFWHGWKHÀRZEHFRPHVPRUH]RQDODQGSUHV-
sure in southern Argentina descends. The blocking 
episode ends on June 10 when part of L1 crosses the 
continent. On June 11 a low-pressure system (L2) is 
located at 160º W the position previously occupied 
by R0 on May 27.
On June 13 H2 moves northeastwards and on 
June 14 segregates L1, which deviates north over 
WKH3DFL¿F 6ZKHUH LW UHPDLQVXQWLO -XQH
18. Between these dates a new less intense blocking 
episode takes place.
The greatest extension of lowest Tmin values are 
observed on June 8 and 9 while the most negative 
values were reported on June 7, except in Patagonia 
where Trelew (43º15´, 65º18´), Río Gallegos (51º37´, 
69º13´) and Comodoro Rivadavia (45º47´, 67º30´) 
reported lower temperatures on the following days.
7KHPHDQDQGK3DJHRSRWHQWLDO¿HOGVIRU
the period June 2-9 2012 are presented in Figure 13a, b, 
respectively, while their corresponding anomalies are 
shown in Figure 13c, d. The predominant SW and S 
ÀRZVFDQEHREVHUYHGFRPLQJIURP+ZKLFKFDXVHG
the temperature decrease over Argentina. This is one 
RIWKHWKUHHFRQ¿JXUDWLRQVWKDWEORFNLQJVSUHVHQWRU
what is known as Rex blocking.
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The temperature anomalies observed during this 
period are plotted in Figure 14a indicating that, except 
in the extreme southeast, values are negative and 
VLJQL¿FDQWRYHUWKHUHVWRIWKHFRXQWU\DQGVWURQJHVW
in the E and SE. Since the temperatures registered be-
tween June 5 and 9 are the lowest, Figure 14b shows 
the mean anomalies for this period, with negative 
values as low as –8.4 ºC.
During this period precipitation was scarce since 
frontal systems were kept from passing by the blocking 
system. Only south of Santa Rosa (36º37´, 64º17´) 
and in the northeast of the country (Iguazú [25º39´, 
54º20´]) some rain was reported originated by moisture 
SURYLGHGE\WKH6:FLUFXODWLRQLQWKH¿UVWFDVHDQG
the east winds at 25º S in the second. In each case, 
however, the values were below their relative means.
3.3.5 Estimated temperature and precipitation val-
ues according to results found in sections 2 and 3
The signs of the temporal trends of the Bs calculated 
in section 2 and the values of the temperature anom-
alies and R1 obtained in section 3 were taken into 
account. From the combination of these results, it is 
estimated that, in the 1960-2011 period, B70 may 
have contributed to an increase in the temperature 
north of 38º S in spring and to a decrease in summer 
and autumn. For example, if the trend equation of B70 
in summer is positive, it indicates that blocking situa-
tions in summer increased during the selected period. 
Moreover, in this season the B70 determine negative 
temperature anomalies therefore the increase of B70 
in summer might contribute to a decrease of tempera-
ture during the course of this period.
(YHQLIWKHWHPSHUDWXUHDQRPDOLHVDUHQRWVLJQL¿-
cant at the 95% level for B40, in summer and autumn 
these factors could slightly contribute to the decrease 
of this variable.
South of 38º S, with the exception of winter, B70 con- 
tributed to the temperature increase, while B100 
contributed to its decrease in summer and increase 
in winter.
With respect to precipitation north of 38º S, all 
the Bs could contribute to its diminution in summer, 
B70 and B40 in autumn and B100 in winter; how-
ever, B70 might favor the increase of precipitation 
during spring.
South of 38º S, B70 and B100 would contribute 
to a precipitation decrease in summer, and B70 might 
contribute to this decrease in autumn, while B100 
might contribute to a precipitation increase in winter, 
and B70 would favor a precipitation increase in spring.
4. Conclusions
The goal of this analysis is to determine the variability 
and temporal distribution of blocking actions (Bs) 
produced at 100, 70 and 40º W during the period 
1960-2011; the additional goals are to determine the 
LQÀXHQFHRIWKH%VRQVHDVRQDOYDOXHVRIWHPSHUDWXUH
and precipitation and their seasonal trends, and to 
GHWHUPLQHWKHLQÀXHQFHWKDW%VFRXOGKDYHRQERWK
variables during selected period. According to these 
objectives, the following points are concluded:
1. The Bs produced in the three longitudes are more 
frequent in spring and less frequent in summer, 
with a secondary maximum slightly smaller than 
the absolute maximum in winter.
2. The trends of blocking actions that are determined 
at 100, 70 and 40º W show positive signs in 
summer and autumn. In the latter season, with 
the exception of autumn for B100, trends are 
VLJQL¿FDQW'XULQJVSULQJDQGZLQWHUWKH%VVKRZ
QHJDWLYHWUHQGVEXWRQO\VLJQL¿FDQWIRU%LQ
winter and for B70 in spring.
It is noteworthy that the Bs increase in the sea-
son of the year in which their occurrence is less 
frequent, and they decrease in those seasons with 
greater frequency. In summer, an increase of the 
Bs is observed in the last two decades.
3. According to the atmospheric circulation associat-
ed to the blocking situations produced at each of 
the selected longitudes, they determine, in general, 
a seasonal decrease in temperature and increase in 
precipitation over the Argentine territory.
3.1 Situations occurring at 100º W determine in all 
seasons below zero temperature anomalies (6T 
 0) south of 38º S. B70 also produce negative 
anomalies in most of Argentina; nevertheless, 
the area is reduced during autumn and summer 
when positive anomalies are observed south 
of 38º S.
 Although Student’s t-test does not detect any 
VLJQL¿FDQW GLIIHUHQFHV IRU WKH WHPSHUDWXUH
anomalies produced by B40, negative anoma-
lies north of 38º S in winter are also produced 
by B40. During spring the negative anomalies 
are observed north of 35º S, however, during 
autumn and summer they are positive.
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3.2 B70s cause above normal seasonal precipi-
tations (R1 > 1) over all of Argentina. B40s, 
however, only cause R1 > 1 north of 38º S, 
except in summer where the area is restricted 
to the west coast. R1 values > 1 caused by 
B100 are found south of 38º S during spring, 
in the coastal area during summer and north 
of the NW-SE diagonal between 41 and 49º S 
in winter and autumn.
 When B is calculated at 70 and 100º W, the 
frequencies of days of seasonal precipitation 
evaluated with R2 mostly coincide with R1 
¿HOGVKRZHYHUIRU:GLIIHUHQFHVDUHRE-
served between these values. In other words, 
the greater accumulated precipitations display 
lower frequencies and vice versa.
%VKDYHWKHVWURQJHVWLQÀXHQFHRYHUWHP-
perature and precipitation in Patagonia.
4. According to the statistical values of the temperature 
and precipitation that are determined by the Bs and 
WKHVLJQVDQGVLJQL¿FDQFHRIWKHVHDVRQDOWUHQGVRI
these, it is estimated for the period 1960-2011 that 
Bs could contribute in the following way:
 North of the NW-SE diagonal approximately 
from 38 to 43º S:
ż %DQGWRDOHVVHUGHJUHH%FRXOGFDXVH
a temperature increase in spring and a de-
crease in summer and autumn.
ż %DQG%FRXOGGHWHUPLQHDQLQFUHDVH
in autumn precipitation, and B70 might 
determine a decrease in spring.
 South of the diagonal:
ż % FRXOG SURGXFH DQ LQFUHDVH LQ WHP-
perature, except in winter, while B100 
might produce a decrease in summer and 
an increase in winter.
ż % FRXOG FRQWULEXWH WR D GHFUHDVH RI
precipitation in summer and autumn and 
to an increase in spring, while B100 could 
contribute to an increase in winter.
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Annex 1
500 hPa mean annual zonal wind (m/s) for 1968-2000. 
Source: NCEP/NCAR reanalysis.
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7ZRWDLO6WXGHQWVWVWDWLVWLF7DWVLJQL¿FDQFHOHYHO 
Meteorological stations
(lat. S, long. W [º])
100º W 70º W 40º W
Sp. Su. Au. Wi. Sp. Su. Au. Wi. Sp. Su. Au. Wi.
Las Lomitas (24,42; 60,35) * * * * 1.7 –8.9 3.4 –1.9 –1.1 2.5 –2.1 1.9
Iguazú (25,44; 54,28) * * * * –4.4 –8.2 8.8 –1.2 –2.1 1.8 –2.1 1.2
Posadas (27,22; 55,58) * * * * –4.6 –4.2 8.9 –2.2 –2.6 2.6 –1.1 1.1
P. de los Libres (29,41; 57,09) * * * * –3.2 –4.5 –8.2 –4.5 –2.6 1.1 –1.5 2.1
Mte. Caseros (30,16; 57,37) * * * * –3.3 –6.8 –4.2 –1.8 –1.1 2.2 –1.2 2.1
Concordia (31,18; 57,37) * * * * –5.3 –3.5 –4.5 –3.5 –2.2 1.2 –2.2 2.1
Reconquista (29,11; 59,42) * * * * –5.8 –7.9 –6.8 1.8 –0.8 0.8 –0.5 1.1
Ceres (29,53; 61,57) * * * * –8.5 –4.2 –7.2 –3.5 –1.2 0.2 –1.6 0.7
Salta (24,51; 65,29) * * * * –2.6 –8.5 –7.2 –2.6 –2.2 1.5 –1.2 1.6
La Rioja (29,23; 66,49) * * * * –6.6 –2.6 –4.2 –1.2 –1.9 1.5 –2.2 2.1
S. del Estero (27,46; 64,18) * * * * –9.2 –5.3 –8.2 –4.2 –1.2 2.1 –1.2 1.1
Laboulage (34,08; 63,22) * * * * –5.9 –7.2 –4.2 –1.2 –1.9 1.9 –1.1 2.6
M. Juárez (32,41; 62,07) * * * * –8 –4.2 –12 –4.2 –1.2 1.2 –1.2 2.1
Bell Ville (32,38; 62,41) * * * * –7.6 –3.3 –3.2 –1.3 –2.5 2.1 –1.2 1.8
Córdoba (31,18; 58,01) * * * * –3.9 –8.2 –6.3 –7 –1.8 1.1 –1.5 2.2
San Luis (33,16; 66,21) * * * * –6.5 –4.2 –8.3 –5.3 1.5 0.6 –2.2 0.6
Mendoza (32,53; 68,51) * * * * –1.9 –1.1 –10 –8.9 0.9 1.5 –2.2 1.9
Malargue (35,3; 69,35) * * * * –8.9 –1.7 –6.3 –6.8 2.1 0.9 –1.8 1.1
Sta. Rosa (36,34; 64,16) * * * * –8.2 –3.3 –3.3 –3.3 –1.1 1.1 –2.2 0.2
Paraná (31,47; 60,29) * * * * –4.2 –3 –8.5 –3 –0.6 2.1 –2 1.5
Rosario (32,55; 60,47) * * * * –4.5 –8.9 –2.6 –1.1 –1.5 2.6 1.9 1.5
Cnel. Suárez (37,26; 61,53) * * * * –6.8 –4.5 –5.3 –1.1 –2.1 2.2 –2.2 2.1
Ezeiza (34,49; 58,32) * * * * –7.2 –9 –5.8 –4.5 –0.2 1.9 –1.2 2.5
M. del Plata (37,56; 57,35) * * * * –4.2 –1.9 –6.6 –1.9 –1.5 1.2 –1.1 1.8
Maquinchao (41,15; 68,44) * * * * –9 3.8 –7.9 1.8 2.0 1.9 –1.9 0.8
B. Blanca (38,44; 62,1) –3.2 –1.3 1.3 –3.5 –3.3 –6.8 –9.2 –1.7 1.2 1.3 –1.5 0.9
Neuquén (38,57; 68,08) –3.3 –4.8 3.1 –2.6 –3 6 –3.5 6 1.1 2 –2.2 2.2
Bariloche (41,09; 71,1) –3.2 –4.5 –2.1 –3.2 8 9.5 –4.2 0.5 1.6 1.8 –2.1 –1.3
Esquel (42,56; 71,09) –4.9 –1.2 1.8 –2.2 8.2 6.4 –7.7 3.5 * * * *
Trelew (43,12; 65,16) –8 –1.3 –1.2 –4.2 7.1 2.8 –5.6 2.8 * * * *
C. Rivadavia (45,47; 67,3) –2.6 –2.5 –2.2 –1.9 –3 7.1 –1.6 4.5 * * * *
S. Julián (49,19; 67,47) –3.2 –1.3 –2.4 –3.9 3.5 12 –3 1.1 * * * *
L. Argentino (50,2; 72,18) –4.3 –3.2 –0.1 –3.2 0.9 8.3 8 8.3 * * * *
R. Grande (53,48; 67,45) –4.8 –1.5 3.1 –4.2 1.8 4.5 6.3 1.1 * * * *
Usuahia (54,48; 68,19) –3.5 –2.6 1.6 –1.2 2 2.1 2.1 1.8 * * * *
P. Madrim (42,47; 65,01) –8 –2.3 3.1 –2.2 –2.1 2.5 1.9 2 * * * *
Viedma (40,51; 63,01) –2.6 –0.5 2.3 –3.3 –1.9 2.1 –1.3 1.7 * * * *
R. Gallegos (51,37; 69,17) –3.9 –1.2 –1.3 –2.6 1.9 3 4 –1.1 * * * *
6LJQL¿FDQWYDOXHVDUHLQEROG
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